Computer-generated building models provide 3D spatial information for a variety of applications, such as city planning, automobile-navigation systems, and spatial inquiry (e.g., Google Earth or Microsoft Bing maps). As urbanization proceeds apace worldwide, 3D geographic systems are proving invaluable in updating building models on a regular basis, in general using one of two methods. The first is to recreate the entire area under examination through a mapping procedure. The second (and preferable) method in terms of effort and cost looks only for features that have changed, and then reconstructs them. The effectiveness of this approach depends highly on the ability to identify the evolution of the built landscape over time.
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Currently, changes are usually measured through color (spectral) analysis of aerial and lidar (light detection and ranging) images. But these techniques have both advantages and disadvantages in terms of horizontal and vertical accuracy. Airborne lidar data provides more accurate height information than aerial images, but boundaries are less well defined. Aerial images provide more extensive 2D structure, such as highresolution texture and color, and 3D can be measured on the basis of one or several aerial pictures by a number of means, such as stereopairs and shapes suggested by shading. But the information extracted is still less than precise. 1 Recently, a number of new methods for detecting changes using lidar have been proposed. 2 Earlier studies used vector maps, 3 lidar, 4 aerial imagery, 5 or 3D building models as the initial comparison set. 6 We sought to integrate lidar data and aerial images into a single system. Here, we describe work aimed at detecting changes in a landscape by comparing old 3D building models with newly obtained lidar and aerial imagery. 7 Figure 1 shows the workflow of the method.
To compare images taken at different times, we first register the lidar data, aerial images, and building models to the same scale. We then determine any alterations by examining spectral information from aerial images, height differences between the lidar points and the building models, and linear features of the aerial images. Spectral information helps to locate vegetation to exclude areas that contain no manmade structures. Next, we use lidar to detect the points that represent the roof planes of buildings. The height differences between these points and the building models become our primary indicators of new building features. We use line features of the aerial images for further refinement.
Based on our comparison of data, images, and models, we categorize our findings as 'unchanged,' 'main-structure changed,' or 'microstructure alterations.' Since height difference is the major indicator of variation, we employ a double-thresholding strategy-e.g., setting an upper bound of 3m and a lower bound of 1m-to detect obviously changed and unchanged areas in buildings. The line-feature comparisons help to further identify the areas of interest (the data set between the two thresholds), which are then singled out for additional study. Figure 2 shows our test data, including (top) old building models, (bottom left) a new aerial image, and (bottom right) lidar data over an area of Hsin-Chu city in northern Taiwan. The old building models are polyhedral in shape and built from a pair of 2002 stereoscopic images using a photogrammetric technique that included a total of 492 buildings. The new image, with 12cm resolution, and lidar data with 1.7 points per square meter density were acquired in 2005. The proposed scheme then detects the changes to the old buildings using the new image and lidar data sets. Table 1 details the performance of the proposed double-thresholding strategy compared with the traditional single-thresholding approach. It is obvious that the new strategy offers higher accuracy in all of the common indices. In summary, we have proposed a new scheme for detecting building changes in an urban environment by comparing existing building models with new lidar data points and aerial images. We also use a double-thresholding strategy to improve detection accuracy. Some detection errors may be explained by registration inaccuracies and tiny roof variations. Improving registration and the accuracy of the roof models could in turn lead to better results. One limitation to our approach is areas where buildings are occluded by a canopy of vegetation.
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Our objectives for the next phase of this work focus on improving our results. First, we plan to detect not only changes from existing models but also those for newer structures in the test area. Second, we would like to experiment with registering the detailed data model by model instead of all at once to improve the accuracy of detection. Finally, we will include more detailed information about the structures under study.
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